Inactivation of glutamine synthetase by a purified rabbit liver microsomal cytochrome P-450 system.
Several mixed-function oxidation systems catalyze inactivation of Escherichia coli glutamine synthetase and other key metabolic enzymes. In the presence of NADPH and molecular oxygen, highly purified preparations of cytochrome P-450 reductase and cytochrome P-450 (isozyme 2) from rabbit liver microsomes catalyze enzyme inactivation. The inactivation reaction is stimulated by Fe(III) or Cu(II) and is inhibited by catalase, Mn(II), Zn(II), histidine, and the metal chelators o-phenanthroline and EDTA. The inactivation of glutamine synthetase is highly specific and involves the oxidative modification of a histidine in each glutamine synthetase subunit and the generation of a carbonyl derivative of the protein which forms a stable hydrazone when treated with 2,4-dinitrophenylhydrazine. We have proposed that the mixed-function oxidation system (the cytochrome P-450 system) produces Fe(II) and H2O2 which react at the metal binding site on the glutamine synthetase to generate an activated oxygen species which oxidizes a nearby susceptible histidine. This thesis is supported by the fact that (a) Mn(II) and Zn(II) inhibit inactivation and also interfere with the reduction of Fe(III) to Fe(II) by the P-450 system; (b) Fe(II) and H2O2 (anaerobically), in the absence of a P-450 system, catalyze glutamine synthetase inactivation; (c) inactivation is inhibited by catalase; and (d) hexobarbital, which stimulates the rate of H2O2 production by the P-450 system, stimulates the rate of glutamine synthetase inactivation. Moreover, inactivation of glutamine synthetase by the P-450 system does not require complex formation because inactivation occurs when the P-450 components and the glutamine synthetase are separated by a semipermeable membrane. Also, if endogenous catalase is inhibited by azide, rabbit liver microsomes catalyze the inactivation of glutamine synthetase.